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Abstract
Intensive cereal management (ICM) can optimize the yield and performance of
winter wheat ( Triticum aestivum L. emend. Thell.). Planting is often delayed
beyond the optimum date along the Gulf Coast due to frequent precipitation. Field
experiments were conducted at four locations in 1991 and two locations in 1992
to evaluate the effects of intensive management practices on performance of
wheat planted at recommended and post-recommended dates. Seeding rates of
84 or 168 kg ha'1 and topdress N rates of 90 or 90 + 45 kg ha'1 were evaluated
for an early and a late-maturing cultivar planted at a recommended date or 35 d
later, with or without foliar fungicide application.

Late planting resulted in

significant yield loss even though more spikes rrf2 were produced. Yield loss for
the late-planted crop was due to lighter and fewer kernels spike'1. Leaf area index
(LAI) was unaffected by either planting date or seeding rate. Grain yield was not
affected by seeding rate for the early-planted wheat. The seeding rate of 168 kg
ha'1 gave higher leaf rust (Puccin ia re co nd ita Rob. ex. Desm. f. sp. tritici)
and Septoria leaf (M ycospha erella g r a m in ic ola (Fuckel) Schroeter) and glume
(Leptosphaeria n o d o r u m ) blotch ratings, but increased grain yield when the
crop was planted late by increasing spikes m"2. Additional spring N significantly
increased yield of the crop planted at a recommended date by increasing grains
spike"1, but did not increase the yield for the late-planted crop. Additional spring
N also increased LAI and absorption of photosynfhetically active radiation by the

crop planted at both dates. ’Traveler’ gave higher grain yield by producing heavier
and more kernels spike"1.

’TerraMOT produced higher LAI and spikes m"2.

Fungicide application increased the yield of resistant and susceptible cultivar
equally, despite the fact that the susceptible cultivar developed about three-times
the severity of leaf rust as the resistant cultivar in the absence of fungicide.
Bacterial streak (Xanthomonas campestris pv. tran slucens (Jones, Johnson,
and (Reddy) Dye) was not affected by fungicide application, N, and seeding rate,
while Septoria leaf blotch was only affected by cultivar.

x

Introduction

Wheat (Triticum aestivum L. emend. Thell.) is the sixth major crop in
Louisiana after cotton, soybean, rice, sugarcane, and corn1. Wheat acreage in
Louisiana increased from 24,300 ha in 1970 to 178,200 ha in 1990.

The

estimated gross value of wheat harvested for grain in Louisiana in 1992 was $30
million.
Wheat yields are generally low along the Gulf Coast due to environmental
and biological constraints including high temperature and humidity in the fall and
spring. The average wheat yields in Louisiana during the years 1990, 1991, and
1992 were 2217, 1344, and 2016 kg ha'1 respectively1, which are well below
national averages. In the last decade, intensive wheat management systems have
gained increased attention for optimization of yield and performance of winter
wheat. Management factors such as row spacing, seeding rate, planting date,
cultivar selection, tillage, disease management, application of growth regulators,
and rate and time of fertilization have been considered in intensive management
studies with soft red winter wheat (Boquet and Johnson, 1987; Karlen and
Gooden, 1990; Johnson et al., 1979; Rocheford et a!., 1988, Roth et al., 1984;
and Wiersma et al., 1986). Crop response to certain combinations of these ICM
(Intensive Cereal Management) factors is not consistent across environments
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(Nafziger et al., 1986; Johnson et al., 1979).

Therefore, choice of ICM

technique is dependent on the environment in which the crop is grown.
Planting of winter wheat is often delayed beyond the recommended time in
the mid-South due to wet soils resulting from frequent rains and poor drying
conditions. In addition to planting delays, high temperature and moisture during
fall and spring are important yield limiting factors along the Gulf Coast.

High

temperature and moisture in fall and spring cause poor growth and increased
incidence of foliar diseases of winter wheat.
A comprehensive production study was designed to evaluate the effects of
different production inputs on yield, yield components, foliar diseases, and growth
dynamics of winter wheat. The objective of this study was to evaluate the effects
of fungicide application, seeding rate, and N rates on yield, yield components,
foliar diseases, and growth dynamics of two wheat cultivars to determine if these
management practices would compensate for the adverse effects of later-thanrecommended planting date on grain yield.

Literature Review

Intensive cereal management (ICM) developed in Europe has recently
received attention in the U.S.A. ICM techniques frequently produce yields above
regional averages (Wiersma et al., 19S6). An ICM approach to increase the yield
of winter wheat involves selection of planting date, seeding rate, row spacing,
topdress fertilizer (particularly N), cultivar selection, lodging, weeds, and pests
(Oplinger et al., 1985; Effland, 1981). According to Guy et al. (1989), the first
five of these management inputs increase yield potential, while the last three
prevent yield losses. Crop response to certain combinations of these ICM factors
is not consistent across environments (Nafziger et al., 1986; Johnson et al.,
1979).

Planting Date
Barnett and Chapman (1975) found that early-maturing wheat cultivars
performed best when planted in mid-November, but late-maturing cultivars
performed best when planted on 1 November. They also reported that wheat
yields were reduced for all cultivars by planting as late as 1 December and 15
December. Gardner et al. (1993) reported that in southern USA, spring-type
cultivars are adapted to a wider range of planting dates. They recommended early
planting of winter-type wheat cultivars due to vernalization requirements. Knapp
and Knapp (1978) reported that early-planted wheat had greater winter survival
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and produced significantly more kernels with a higher test weight than late-planted
wheat. Grain moisture content increased with delayed planting, and planting after
the optimum date decreased the spike population per unit area. Late planting of
wheat at Baton Rouge, LA, resulted in poor growth, lower grain yield, and late
maturity compared to wheat planted in mid-November, but the late-planted crop
exhibited a lower incidence of foliar diseases (Harrison et al., 1987). Cook and
Veseth (1991) recommended delayed planting to control Septoria leaf blotch
(Mycospha erella g ra m in ic o la (Fuckel) Schroeter)in the areas where this
disease is a major problem. In Seattle, WA, Thill et al. (1978) found that earlyplanted wheat produced higher grain yield, tillers m"2, spikes m'2, and kernel
weight than the later-planted crop, but produced significantly fewer kernels spike'1.
Darwinkel et al. (1977) reported that delayed sowing decreased grain yield
caused by a reduction in the number of grains spike'1 and lower grain weight.
At Queenstown, MD, early-planted wheat produced higher grain yield than
wheat planted on recommended and late planting dates the first year, whereas
early-planted wheat produced less yield than wheat seeded on subsequent
planting dates the second year (Rocheford et al., 1988). In a field study in New
South Wales, Australia, grain yield of wheat decreased with delayed planting, while
grain protein content increased in the late-sown crop (Kohn and Storrier, 1970).
Werker and Gilligan (1990) reported from Oxford, England, that disease
occurrence was higher in an early-sown wheat crop as compared to a late-sown
crop. The rate of germination, spikes m"2, and grain yield declined as sowing date

advanced into winter (Beech and Norman, 1966).

Batten and Khan (1987)

reported that early-sown wheat developed a larger root system and hence
extracted more nutrients from a greater volume of soil than a later-sown crop.
They also reported higher grain yields for an early-sown wheat crop.

Nitrogen Fertilization
In a field study at Baton Rouge, LA, Harrison and Viator (unpublished)
found that 112 Kg ha '1 and 168 Kg ha '1 of N produced similar grain yields which
were significantly higher than the yield recorded at 56 Kg ha"1 of N. Boquet and
Johnson (1987) conducted a field study at St. Joseph, LA, and concluded that
wheat yield increased with applied N up to the maximum rate of 101 Kg ha'1.
Kernels spike'1 increased and specific kernel weight decreased slightly with N
application. They also reported that there was no yield benefit from splitting the
total applied N.

In Tennessee, increased plant height and grain yield were

reported with increased rates of topdress N fertilization (Wolt et al., 1989).
Campbell et al. (1990) reported from a four year study in Canada that application
of N to wheat at seeding produced yields that were equal to those produced by
spring application of N. Autumn application of N reduced disease and there were
no significant effects of spring-N treatments with respect to either timing or rate
(Werker and Gilligan, 1990).
An increase in leaf rust (P u c c in i a r e c o n d i t a Rob. ex. Desm. f. sp.
tr it ic l) with increasing rates of N was reported by Harrison et al. (1987), Boquet

and Johnson (1987), and Cook and Veseth (1991). Mascagni and Sabbe (1990)
reported that the most effective method to enhance grain yield and N fertilizer
efficiency is to split the

application of spring-N fertilizer into two or three

applications. Grain yield and N-fertilizer efficiency were increased by splitting the
N fertilizer applications (Gravelle et al., 1986). Harrison et al. (1987) reported
that 168 Kg ha'1 of N (56+112) produced higher grain yield in the presence of a
foliar fungicide, while 112 Kg ha'1 N gave a higher yield in the absence of a foliar
fungicide.

Touchton et al. (1983) recommended that topdress N should be

applied as soon as possible after the first of February in Alabama. Gardner et al.
(1985) suggested that greater cell expansion at higher N rates results in higher leaf
area index.

Seeding Rate
Higher seeding rate resulted in a greater number of spikes m'2, but yielded
less due to lower kernel weight (Frederick and Marshall, 1985). Seeding rates
above 101 Kg/ha showed no increase in grain yield.

Joseph et al. (1985)

reported that kernel weight, plant height, and kernels spike'1 decreased with the
increase in seeding rate beyond 186 seeds meter'2, whereas 372 seeds m"2
produced higher grain yield.

Roth et al. (1984) conducted a field study at

different locations in Pennsylvania and found that the yield response to seeding
rate was influenced by the environment. At some locations, 235 Kg ha"1 of seed

produced higher yield, while 101 Kg ha"1 of seed proved best at other locations.
Overall, the 168 Kg ha'1 seeding rate was the most satisfactory.
In the Netherlands seeding rate for early-sown wheat was found to have no
effect on grain yield due to mutual compensation of changes in yield components,
while a higher seeding rate for late-sown wheat increased the number of heads
such that a higher grain yield was achieved (Darwinkel et al., 1977).

At

Jonesboro, AR, a seeding rate of 100 Kg ha'1 (medium) produced 5.4% greater
grain yield than 65 Kg ha'1 of seed. A higher seeding rate (135 Kg ha'1) failed to
increase grain yield and kernel weight declined, but spikes m'2 increased (Freeze
and Bacon, 1990). Higher seeding rate favored disease by increasing humidity
and leaf wetness duration (Cook and Veseth, 1991). Different plant densities failed
to affect leaf area index and light interception due to compensation by the plant
(Gardner et al., 1985; and Richards and Smith, 1987).

Fungicide Application
Application of foliar fungicide reduced disease and increased kernel weight
and grain yield in a cool environment (Guy et al., 1989). Under warmer and drier
conditions fungicide application significantly reduced disease and increased grain
yield (Guy et al., 1989).

Harms et al. (1989) concluded that application of

fungicides suppressed foliar disease development on susceptible cultivars of winter
wheat, but disease susceptibility and control were not always related to yield
responses from fungicides. Harrison et al. (1987) reported that foliar application
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of fungicide Tilt® (Propiconazole) increased the test weight and decreased disease
incidence in winter wheat. The positive effect of fungicide application on leaf rust
incidence was greater for the susceptible cultivar and increased with increasing N
rate.

The magnitude of reduction in Septoria leaf (M y c o s p h a e r e lla

g r a m in ic o l a (Fuckel) Schroeter) and glume blotch ( L e p to s p h a e ria n o d o r u m )
incidence resulting from fungicide application was the same across N rates for the
susceptible cultivars, but was greater at higher N rates for the resistant cultivar
(Harrison and Viator, unpublished). Roth et al. (1984) found fungicide application
to increase grain yield of wheat. Baytan® seed treatment (containing triadimenol)
at a rate of 1.5 g Kg"1 of seed reduced diseases in winter wheat at
Cambridge,U.K. (Werker and Gilligan, 1990).

Cultivar Performance
When cultivars are compared over a series of environments the relative
rankings usually differ, which complicates identifying superior cultivars.

This

genotype by environment (GxE) interaction is usually present whether the cultivars
are purelines, single or double cross hybrids, top crosses, S1 lines, or any other
material (Eberhart and Russell, 1966). Mean yield is the most commonly used
criterion to classify or select cultivars.

Percentage of tests in which the

performance of a cultivar was not significantly different from best (%NS Best) has
been proposed as a means of evaluating the overall performance of a cultivar

(Campbell and Kern, 1987). Black and Aase (1982) described yield component
comparisons of different cultivars as a mean of selecting cultivars.
Heinrich et al. (1983) reported that the ability of a genotype to avoid large
fluctuations in yield over a range of environments could result from one or many
physiological, morphological, or phenological mechanisms. Yield stability could
result from genetic heterogeneity and various developmental mechanisms,
including yield component compensation, stress tolerance, and the capacity to
recover rapidly from stress (Heinrich et al., 1983). Bruckner and Raymer (1990)
suggested that for the areas where small grain species, e.g. wheat, oats (Avena
sativa L.), and triticale (X Triticosecale wittmark) are grown for winter forage,
the forage yield of a cultivar should be considered in addition to grain yield and
disease resistance. Karlen and Gooden (1990) suggested that the need for foliar
fungicides can be eliminated if cultivars resistant to prevalent diseases are planted.
The growth pattern of a wheat cultivar, its resistance to diseases, its
adaptation to soil type, grain yield, and grain quality should be used to select an
appropriate cultivar for a particular region (Delane and Hamblin, 1989). Leaf area
index and light interception were different for wheat genotypes (Richards and
Smith, 1987). Planchon and Fesquet (1982) reported a decreased net assimilation
rate in cultivars with greater leaf area. They suggested that increased mesophyll
resistance is responsible for the decrease in rate of photosynthesis. Leaf area
index and absorption of photosynthetically active radiation are interrelated (Asrar
et al., 1984). Semidwarf cultivars of wheat have higher stomatal density than tall
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cultivars, which results in a higher photosynthetic rate (LeCain et al., 1989).
Kebede et al. (1992) compared the photosynthetic rates of two different wheat
cultivars with similar physiological and anatomical traits and reported that there
were significant differences in photosynthetic rate of two cultivars even though they
were physiologically and anatomically same.

Interactions
Barnett and Chapman (1975) reported a highly significant cultivar by
planting date interaction. Early-maturing cultivars performed better when planted
in mid-November, but late-maturing cultivars yielded higher when planted on
November 1.

The incidence of leaf diseases, Septoria, and yellow spot

(P y re n o p h o ra t r i t i c i- r e p e n t is (Died.) Drechs.), were greater in an early-sown
crop than in a late-sown crop (Perry et al., 1989). Wilson (1989) reported that
leaf diseases of wheat can be avoided by delaying the planting of a crop, but this
often leads to reduced yield, and the benefits of early sowing usually outweigh any
losses caused by leaf diseases. Werker and Gilligan (1990) recommended late
sowing coupled with autumn application of N and use of Baytan seed treatment
for controlling wheat diseases. Short-season cultivars of wheat were the proper
choice for delayed sowing, while late-maturing varieties yielded better when
planted early (Perry et al., 1989).
Anderson (1989) reported that the yield responses of early-sown, latematuring cultivars of wheat with higher seeding rate and high N level were
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excellent. In Pennsylvania, a high seeding rate increased grain yield for a latesown crop, but higher seeding rate increased lodging when higher N rates were
applied (Roth et al., 1984). Darwinkel et al. (1977) reported that with early
sowing, seeding rate was found to have no effect on grain yield due to mutual
compensation of changes in yield components. For later sowing, higher seeding
rates significantly increased the number of ears such that a higher grain yield was
achieved.
Foliar fungicides can reduce disease losses, but effectiveness depends on
rate and timing of application, the environment, and cultivar response (Guy et al.,
1989). In a field study at three locations in Wisconsin, six cultivars yielded higher
when

ICM included fungicides,

compared with currently recommended

management, but cultivar reaction to disease control from application of fungicides
was inconsistent across the three environments (Harms et al., 1989). Harrison
et al. (1987) reported that fungicide application increased wheat yield by 215 Kg
ha'1 when a susceptible cultivar received a high N rate. In another study Harrison
and Viator (unpublished) reported that fungicide application reduced leaf rust
incidence. Leaf rust was greater for the susceptible cultivar,’McNair 1003’ and
increased with increasing N rate. Similar effects of N rate on disease incidence
were reported by Roth et al. (1984). The optimum time and rate of topdress N
application for wheat varies with cultivars, planting dates, seeding rates, previous
crops, and other factors that may affect plant growth and development (Touchton
et al., 1983). Barnett and Chapman (1975) reported a significant cultivar and
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planting date interaction with N rate. Harrison and Viator (unpublished) reported
that late-planted wheat did not significantly utilize high rates of N. They also
reported an interaction between fungicide application and N rate, which signif
icantly affected leaf rust, Septoria incidence, test weight, and grain yield.

Project Objectives
Planting of winter wheat is often delayed beyond the recommended time in
the mid-South due to wet soils resulting from frequent rains and poor drying
conditions. In addition to planting delays, high temperature and moisture during
fall and spring are important yield limiting factors along the Gulf Coast.

High

temperature and moisture in fall and spring cause poor growth and increased
incidence of foliar diseases of winter wheat.
Yield loss due to late planting can be reduced by using proper management
inputs (Barnett and Chapman, 1975; Gardner et al., 1993; Knapp and Knapp,
1978; Darwinkel et al., 1977; and Rocheford et al., 1988).

The following

experiment was conducted to evaluate the effect of different management inputs
on performance of late-planted wheat in Louisiana. The main objective of this
research was to find out if the adverse effects of late planting on wheat yield in
Louisiana can be reduced by using certain combination of management inputs.

Chapter 1

The Effect of Management Inputs on Yield and Yield Components of
Late-Planted Wheat.

Summary
intensive cereal management can increase the yield and performance of
winter wheat ( Triticum aestivum L. emend. Thell.). Planting is often delayed
beyond the optimum date along the Gulf Coast due to wet soils resulting from
frequent rains and poor drying conditions. Field experiments were conducted at
four locations in 1991 and two locations in 1992 to evaluate the effects of
intensive management practices on wheat planted at recommended and post
recommended dates. Seeding rates of 84 or 168 kg ha'1 and topdress N rates
of 90 or 90 + 45 kg ha'1 were evaluated for an early and a late-maturing cultivar
planted at a recommended date or 35 d later.

Late planting resulted in a

significant loss of grain yield even though more spikes m'2 were produced. Wheat
kernels from the recommended planting date were heavier and each spike
contained more kernels, which resulted in a higher grain yield. The additional 45
kg ha'1 of spring N significantly increased yield of the crop planted at the
recommended date by increasing grains spike'1 and spikes m'2, but did not
increase yield of the late-planted crop. The two cultivars had similar yields when
planted at a normal date, while the early-maturing cultivar was superior when
planting was delayed 35 d. Grain yield was not affected by seeding rate for the
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early-planted wheat. Seeding rate effects were influenced by the environment for
late-planting; however, there was evidence that the higher seeding rate increased
yield of the late-planted crop. Delayed planting reduced yields due to a decrease
in kernel weight and kernel number spike"1, but yield loss at the late planting date
was reduced by using an early-maturing cultivar and higher seeding rate.

Introduction
In the humid mid-South the yield of wheat is usually low because of
environmental and biological constraints, including high temperature and rainfall.
Wet fields frequently delay planting beyond optimum dates, resulting in reduced
tillering, delayed maturity, and decreased yields.
Intensive cereal management (ICM), developed in Europe, has recently
received attention in the U.S.A. ICM techniques frequently result in yields above
regional averages (Wiersma et al., 1986). An ICM approach to increase the yield
of winter wheat involves management of planting date, seeding rate, row spacing,
topdress fertilizer (particularly N), cultivar selection, lodging, weeds, and pests
(Oplinger et al., 1985; Effland, 1981). According to Guy et al. (1989), the first
five of these management inputs increase yield potential, while the last three
prevent yield losses. Choice of ICM techniques is dependent on the environment
in which the crop is grown. Late planting changes the environment and may alter
management strategy.

Inability to plant at the optimum date is a primary yield-limiting factor for
winter wheat in the mid-South. Wheat planted at an optimum date has greater
yield potential than late-planted wheat because of higher tillers m'2, heads m"2, and
kernel weight (Thill et al., 1978). Harrison et al. (1987) reported a 363 kg ha"1
decrease in grain yield when planting was delayed 28 d beyond mid-November in
southern Louisiana.

Darwinkel et al. (1977) reported that delayed sowing

decreased grain yield due to a reduction in grains spike"1 and kernel weight. In
Alberta, Canada, a 42-d delay in seeding caused significant reductions in yield and
test weight, and delayed maturity 10 to 13 d (McLeod et al., 1992). Gardner et
al. (1993) reported that in the southern US spring-type cultivars are adapted to
a wider range of planting dates. They recommended early planting of winter-type
wheat cultivars due to vernalization requirement.
Grain yield and N-fertilizer efficiency were increased in Arkansas by splitting
the N fertilizer applications (Mascagni and Sabbe, 1990). Similar results were
reported by Gravelle et al. (1988). Boquet and Johnson (1987) concluded that
wheat yield in Louisiana increased with applied N up to the maximum rate of 101
kg ha'1. Kernels spike'1 increased and kernel weight decreased slightly with
higher N rates.
Darwinkel (1977) reported that, for early-planted wheat, seeding rate had
little effect on grain yield due to mutual compensation among yield components,
but increased seeding rates increased grain yield of a late-sown crop by increasing
the number of spikes. Frederick and Marshall (1985) found that, for wheat planted

16

at an optimum date, increasing seeding rate resulted in more spikes m"2, but yields
were decreased due to decreased kernel weight. Seeding rates beyond 101 kg
ha'1 gave no increase in grain yield. Roth et al. (1984) conducted a field study
at several locations in Pennsylvania and found that yield responses to seeding rate
were influenced by the environment.
The objective of this study was to evaluate the effects of seeding and
nitrogen rates on the yield and yield components of two wheat cultivars to
determine if these two management practices would compensate for the effect of
later-than-optimum planting date on grain yield.

Methods and Materials
Field experiments were conducted at Baton Rouge [Mhoon silty clay soil
(Fine-silty, mixed nonacid, thermic, Fluventic Haplaquepts)], St. Joseph [Sharkey
clay soil (very-fine, montmorillonitic, thermic Vertic Haplaquents)], Alexandria
[Norwood silt loam soil (Fine-silty, mixed calcareous, thermic, Typic Udifluvents)],
and Bossier City [Norwood very fine sandy loam soil (Fine-silty, mixed calcareous,
thermic, Typic Udifluvents)] for 2 yr (1990-91 and 1991-92). Two wheat cultivars
representative of the normal range in maturity and vernalization requirement were
used. ’Traveler’ is an early-maturing low-vernalization cultivar, while ’Terral-10T
has a normal vernalization requirement and is medium late in maturity. Fungicides
were applied as needed to prevent differences in leaf rust (P u cc in ia reco nd ita
Rob. ex. Desm. f. sp. t r i t i c i ) disease resistance from influencing results.
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The targeted planting dates were mid-recommended range and 35 days
later for each location.

Planting dates for the 1990-91 experiments were 29

October and 12 December at Bossier City, 6 November and 13 December at St.
Joseph, 7 November and 13 December at Alexandria, and 15 November and 14
December at Baton Rouge. Planting dates for the 1991-92 experiment were 6
November and 14 December for St. Joseph and 7 November and 19 December
for Baton Rouge. Tests at Bossier City and Alexandria were not planted due to
wet weather in 1991-92.
Seeding rates were 84 and 168 kg ha"1. All plots received 90 kg N ha"1
(urea, 46-0-0) at approximately Feekes (Large, 1954) growth stage 4.

An

additional 45 kg N ha'1 (ammonium nitrate, 34-0-0) was applied to high-N plots
at approximately Feekes growth stage 8. Fertilization dates differed for the two
cultivars according to growth stage.

The phosphorous and potassium were

applied prior to seedbed preparation based on soil test recommendations.
A randomized complete block design with four replications was used with
treatments arranged in a split plot with planting dates as main plots and all other
treatment combinations allocated to sub-plots in a factorial arrangement [2 x 2 x
2]. Plots consisted of seven rows spaced 18 cm apart and were seeded with a
small-plot drill. At Alexandria, plots consisted of nine rows spaced 15 cm apart.
Established plots were trimmed to a uniform length. Data were collected for yield
and yield components at all locations. Two 30-cm row samples per plot were
taken prior to harvest to determine yield components. The total number of spikes
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were counted for each 60-cm sample and then threshed and grains were weighed.
Ten random spikes were threshed separately and grains counted to obtain grains
spike'1. A 1000-seed sample was taken from each plot to determine kernel
weight. Small-plot combine were used to harvest plots after end-trimming. Total
grain yield was adjusted to 13% moisture. Lodging was scored on a scale of 1 to
10, with 1 indicating completely erect plants and 10 indicating all plants were
prostrate.
General Linear Model procedures (SAS Institute Inc., 1985) were used to
analyze the data, with planting date, seeding and nitrogen rates, and cultivar as
fixed effects. The data were first analyzed individually for each location and year
and then combined over years and locations. When the F test indicated statistical
significance at P = 0.10 level, the least significant difference (LSD) was used to
separate the means.

Results and Discussions
Planting Date
Grain yield was significantly affected by the environment (Table 1). Overall,
yields in 1991 were low due to waterlogging stress that reduced tillering. Rainfall
ranged from 104 to 123 cm across the four locations from 1 Jan. to 31 May 1991.
Late planting significantly reduced yield in all environments except Bossier City,
where the reduction was not statistically significant (Table 2).

Across all

environments, the first planting date averaged 35% higher grain yield and matured
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Table 1. A n a lysis o f va ria nce ta b le fo r y ie ld and yie ld co m p o n e n ts, co m b in e d over all
lo c a tio n s and years.
Mean Square
S ource

DF

Environment
Rep(Environment)
Date
Environment*Date
Rep*Date(Environment)
Seed rate
N
Cultivar
N*Seed rate
Cultivar*Seed rate
Cultivar*N
Cultivar*N*Seed rate
Date*Seed rate
Date*N
Date*Cultivar
Date* N* Seed rate
Date*Cultivar*Seed rate
Date*Cultivar*N
Date*Cultivar*N*Seed rate
Environment*Cultivar
Environment*N
Environment*Seed rate

5
18
1
5
18
1
1
1
1
1
1
1
1
1
1
1
1
1
1
5
5
5

Y ield

44666286.0**
709126.0**
51750604.0**
1126314.0ns
924563.0**
1641802.0**
2241487.0**
8469372.0**
20448.0ns
131289.0ns
2 2 ns
16302.0ns
644778.0+
2956901.0**
232170.0ns
10752.0ns
125056.0ns
325862.0ns
758167.0+
2877948.0**
3798720.0**
447151.0+

S pikes
m '2

K ernel
W e ig h t

G rains
S pike"1

31843.0**
4534.0**
5237.0f
1253.0 ns
592.0 ns
5383.0**
5245.0**
58173.0**
1024.0ns
1605.0ns
0.2ns
0.2ns
178.0ns
415.0ns
1205.0ns
2.0ns
255.0 ns
18.0ns
217.0 ns
1863.0+
683.0ns
698.0ns

3379.0**
6.6*
623.0*
84.0**
10.6**
2.0ns
52.0**
1547.0**
0.1ns
0.9ns
0.3ns
1.9ns
0.5ns
0.6ns
32.4**
1.1ns
0.6ns
6.0ns
0.1ns
106.7**
5.4ns
5.3ns

4088.0**
27.0*
1727.0*
246.0**
14.0ns
270.0**
56.0+
2665.0**
14.0ns
4.0ns
2.0ns
75.0*
84.0*
43.0ns
7.0ns
1.0ns
1.0ns
4.0ns
0.5ns
477.0**
117.0**
4.0ns

t , *, * * Significant at 0.10, 0.05, and 0.01 probability levels respectively, by an F test,
ns Non-significant.
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Table 2. Effect of planting date on yield and yield components of winter wheat grown
in six environments during 1991 and 1992, averaged across cultivar, seeding and N
rates.
L o ca tio n s
S t.Joseph
Alex.
1991
1992
1991

B .C ity
1991

Mean

4392+
3512

2234*
1738

2217ns
1876

2767
2050

34.1ns
33.1

27.5
23.2

20.6ns
19.3

27.2*
24.7

104ns
114

**
90
113

T ra it

P la ntin g
Date

B. Rouge
1991
1992

Yield
kg h a '1

Normal
5 wk Late

2387
1237

1000 kernel
wt. (gram)

Normal
5 wk Late

21.1
16.9

Spikes
no. meter'2

Normal
5 wk Late

159ns
161

Grains
no. spike'1

Normal
5 wk Late

30
24

*

* *

*

41
36

* *

27
18

**

**

* *

3087*
2414

1920*
1108

35.8ns
36.4

22.3
17.5

102ns
109

100ns
100

114ns
119

112ns
120

27ns
26

26ns
28

32
27

43
41

*

**

t, *, * * Significant at 0.10, 0.05, and 0.01 probability levels respectively, by an F test,
ns Non-significant.

*
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10 to 14 d earlier than the second planting. The decrease in yield resulting from
late-planting ranged from 341 kg ha'1 at Bossier City to 1150 kg ha'1 at Baton
Rouge in 1991. The decrease in grain yield was due to a decrease in grains
spike'1 and kernel weight. Total spike number was not influenced by planting
date. Similar yield decreases for late planting were reported by Darwinkel et al.
(1977), McLeod et al. (1992), and Harrison et al. (1987).
Late planting resulted in decreased thousand kernel weight in three of six
environments (Table 2). Kernel weight was reduced by 10% with late-planting,
when averaged across six environments. During 1991, early planting resulted in
25,19, and 28% heavier kernels than the late-planted crop at Baton Rouge, St.
Joseph, and Alexandria, respectively. Excellent growing conditions during spring
1992 helped to reduce the adverse effects of late planting on kernel weight. Heat
stress during grainfill may have caused the reduction in kernel weight for the lateplanted wheat. Similar effects of planting date on kernel weight were reported by
Thill et al. (1978) and Darwinkel et al. (1977).
Grains spike'1 decreased by 16% (five kernels per spike) with late planting,
when averaged across environments (Table 2). At Baton Rouge, early planting
resulted in 18% more grains spike"1 than with late-sown wheat. These results may
be due to 20 to 28 extra d of growth and development for early-sown wheat. A
similar increase in grains spike'1 was reported by Darwinkel et al. (1977).
Spikes m'2 were not significantly affected by late planting (Table 2),
although there was a trend for the late-planted crop to produce a higher number
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of spikes m-2. The early-planted crop produced fewer surviving tillers, but larger
spike and grain size, while late planting encouraged tiller survival. This led to
higher spike m"2, but lower grains spike-1 and kernel weight for the late-planted
crop. Thill et al. (1978) reported a higher spikes m-2 for early-sown wheat, but
Darwinkel et al. (1977) found a higher number of tillers and ears in late-sown
wheat and felt that strong interplant competition in the early-planted crop resulted
in low spikes m-2 and tillers. Willey and Holliday (1971) described shading as
responsible for reduced tillers and ears in early-sown wheat.

Nitrogen
Additional topdress N resulted in 9% higher grain yield, averaged across
environments (Table 3). The additional 45 kg ha-1 N significantly increased grain
yield at St. Joseph in 1992 and Bossier City in 1991, but significantly reduced
grain yield at Alexandria and Baton Rouge in 1991. Higher spikes m-2 in plots
receiving additional N was associated with increased yield at St. Joseph and
Bossier City. Grains spike-1 also contributed to increased yield at St. Joseph.
Late-season rains during 1991 (April and May) in combination with extra N at
Baton Rouge and Alexandria resulted in lodging (data not shown), lighter kernels,
and subsequent yield loss. Additional N also delayed maturity and resulted in
fewer sunny days during grainfill, since there were frequent rains and cloud cover
during late spring of 1991. Gravelle et al. (1988) and Mascagni and Sabbe
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Table 3. Effect of splitting spring N on yield and yield components of winter wheat
grown in six environments during 1991 and 1992, averaged across planting date,
cultivar and seeding rate.

T ra it

N itro g en
kg h a '1

B. R ouge
1991
1992

L o ca tio n s
S t.Joseph
A lex.
1991
1992
1991

Yield
kg h a '1

90
90 + 45

1921+
1742

3820ns
4067

2016ns 2210
1975
3291

1000 kernel
wt. (gram)

90
90 + 45

19.6*
18.5

33.9ns
33.4

25.8*
25.0

Spikes
no. meter"2

90
90 + 45

159ns
161

102
116

Grains
no spike'1

90
90 + 45

28ns
27

37
40

kk

* *

36.1ns
36.2

it

96
108

100
111

23ns
22

39
44

* *

kk

**

itit

1633
1434

20.7
19.1

Mean

1964+
2122

2318
2518

20.1ns
19.8

26.3
25.6

* *

* *

101ns
99

22ns
23

B .C ity
1991

109
125

■kit

26ns
26

t, *, * * Significant at 0.10, 0.05, and 0.01 probability levels respectively, by an F test,
ns Non-significant.

112
120

**

kk

29ns
30
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(1990) observed a yield increase by splitting the N, while no yield increase was
reported by Boquet and Johnson (1987).
Additional spring N slightly reduced kernel weight, averaged across
environments (Table 3). Compensation was observed between spikes m'2 and
kernel weight, since higher spikes m'2 produced by additional spring M resulted
in lower kernel weight. Boquet and Johnson (1987) observed a similar decrease
in specific kernel weight due to extra N.
Spike number m"2 increased due to additional N in all environments except
Alexandria and Baton Rouge in 1991 (Table 3). The average increase in spikes
rrf2 was 7%, with a range of 6 to 15%. The grains spike'1 were not significantly
increased by additional spring N, except at St. Joseph and Baton Rouge in 1992
where 12 and 8% increases in grains spike'1 were observed, respectively. Boquet
and Johnson (1987) reported a similar increase in spikes m'2 and a decrease in
kernel weight, but also reported an increase in grains spike'1.

Seeding Rate
Strong environmental influences were observed for seeding rate effects on
grain yield. The 168 kg ha'1 seeding rate produced 5% higher grain yield across
the six environments (Table 4).

Higher spikes m'2 with higher seeding rate

accounted for this increase in grain yield. During 1991, the lower seeding rate
produced higher grain yields at Baton Rouge and Alexandria, by 3 and 11%,
respectively. This was mainly due to lodging in plots sown at the higher seeding
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Table 4. Effect of seeding rate on yield and yield components of winter w heat grown in
six environments during 1991 and 1992, averaged across planting date, cultivar, and
N rate.

T rait

B. Rouge
Seed rate
1992
kg h a '1 1991

L o ca tio n s
S t.Joseph
Alex.
1991
1992
1991

B .C ity
1991

Mean

1618+
1456

1918*
2175

2357
2473

19.8ns
20.0

19.9ns
19.9

26.1ns
25.9

98ns
102

116ns
117

112
120

27ns
26

31
29

Yield
kg ha"1

84
168

1853ns
1807

3806+
4089

1956ns 2635*
2037
2866

1000 kernel
wt. (gram)

84
168

19.3ns
18.7

33.8ns
33.5

25.3ns
25.4

Spikes
no. m eter'2

84
168

159ns
162

104*
113

*
94
109

**
98
112

Grains
no. spike'1

84
168

28ns
27

39
37

23ns
22

43
41

*

36 4ns
35.9

★

24
22

*

t, *, * * Significant at 0.10, 0.05, and 0.01 probability levels respectively, by an F test,
ns Non-significant.

**

* *

**
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rate. The higher seeding rate produced higher grain yields at Baton Rouge and
St.Joseph during 1992 by virtue of 16 and 14% higher spikes m'2, respectively.
Frederick and Marshall (1985) and Darwinkel et al. (1977) reported similar yield
responses to seeding rates. Roth et al. (1984) reported that yield responses to
seeding rate were affected by the environment.
Higher seeding rate had no effect on kernel weight, but reduced grains
spike'1 by an average of 6% (Table 4). A positive association was observed
between seeding rate and spikes m'2, while an inverse relationship occurred
between seeding rate and both kernel weight and grains spike"1. These data
suggest a strong mutual compensation among yield components in response to
seeding rate. Similar relationships between seeding rate and yield components
were reported by Frederick and Marshall (1985) and Darwinkel et al. (1977).

Cultivar
Cultivar significantly influenced yield and yield components (Table 5). The
earlier-maturing cultivar, Traveler, yielded 13% more when averaged across
environments. Gardner et al. (1993) also reported higher grain yields by earlymaturing wheat cultivars in the southern US. During 1991, Traveler produced 56,
44, and 12% higher grain yield at Baton Rouge, St. Joseph, and Alexandria
respectively, while Terral-101 outyielded Traveler at Bossier City. During 1992,
Traveler yielded more at St. Joseph, but failed to show any yield increase at Baton
Rouge. The higher yields of Traveler were mainly due to increased kernel weight
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Table 5. Effect of cultivar on yield and yield components of winter w heat grown in six
environments during 1991 and 1992, averaged across planting date, seeding and N
rates.

T ra it

C u ltiva r

B. Rouge
1992
1991

Yield
kg h a '1

Traveler
Terral-101

2220
1416

1000 kernel
wt. (gram)

Traveler
Terral-101

21.3
16.7

Spikes
no. m eter'2

Traveler
Terral-101

140
181

Grains
no. spike'1

Traveler
Terral-101

34
21

**

**

**

kk

3866ns
4027

37.9
29.4

kk

kk

L o ca tio n s
S t.Joseph
Alex.
1991
1992
1991

2352
1637

27.0
23.7

**

kk

99
121

98ns
105

38ns
37

27
18

kk

2957
2544

38.3
34.0

**

**

**
96
115

43
41

*

1619*
1452

21.5
18.5

kk

kk

84
116

16
15

**

B .C ity
1991

Mean

1926*
2166

2561
2267

20.4
19.5

104
130

kk

28.1
23.9

kk

27ns
26

+, *, * * Significant at 0.10, 0.05, and 0.01 probability levels respectively, by an F test,
ns Non-significant.

104
128

33
27

kk

kk

kit

**
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and grains spike"1, while Terral-101 produced higher yields in two environments
due to higher spikes m"2. Heavy late-spring rains during 1991 resulted in low
yields for both cultivars. This adverse effect was more evident for Terral-101,
since it is a later-maturing cultivar and had longer waterlogging stress and fewer
sunny days during grain-fill.
Traveler produced heavier kernels and more grains spike"1 across all
environments, while spikes m'2 was higher for Terral-101 (Table 5). These results
were due to the specific genetic characteristics of both cultivars. Excellent growth
and development conditions during the spring 1992 helped to produce high yields
of both cultivars by increasing kernel weight and grains spike'1.

Interactions
There was a significant interaction between planting date and N rate at
affecting yield Baton Rouge and Bossier City during 1991, and at Baton Rouge
and St. Joseph during 1992. The additional N increased grain yield by 14% for
the early- planted crop, but had little effect on yield of the late-planted crop when
averaged across environments (Fig. 1). A similar interaction between planting date
and N rate was observed at Baton Rouge during 1992 (Fig. 2) and at Bossier City
during 1991 (Fig. 2). Late planting resulted in poor growth and prevented efficient
use of the additional N. A similar interaction of planting date and N rate was
observed in Florida (Barnett and Chapman, 1975) and New York (Knapp and
Knapp, 1978). Additional N on the late-planted crop reduced yield at Baton Rouge
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3 ,0 0 0

NP

JLP

Yield (kg/ha)

2 ,8 0 0

2 ,6 0 0

2 ,4 0 0

2,200

2,000
90

90 + 45

S p rin g N itro g e n (k g /h a )

Fig. 1. Wheat yield at two N levels planted on two different planting dates,
averaged across six environments. NP, Normal planting; LP, Late planting.

30

4,700
L j N P B .R o u g e
LP B .R o u g e
N P B .C ity

4 ,2 0 0

S

L P B .C ity

Yield (kg/ha)

3 ,7 0 0

3 ,2 0 0

2 ,7 0 0

2,200

1 ,7 0 0
90

90+45

S p r in g N itro g e n ( k g /h a )

Fig. 2. Wheat yield at two N levels planted at two different planting dates at Bossier
City (1991) and Baton Rouge (1992). NP, Normal planting; LP, Late
planting.
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during 1991 (Fig. 3) by delaying maturity and grainfill into a period with continuous
rainfall. Late-planted wheat was able to utilize the additional N to increase yield at
St. Joseph during 1992 mainly due to excellent growing conditions (Fig. 3).
Cultivars responded to the planting date*nitrogen rate combination
differently at Baton Rouge during 1992 (Fig. 4). Additional N increased yield of
Traveler planted at a normal date by 18%, but reduced yield of late-planted
Traveler by 12%. Additional N increased yield by 5 and 9% for normal and lateplanted Terral-101, respectively. Additional spring N did not reduce the adverse
effects of late planting on grain yield, and actually decreased yields in some cases.
The higher seeding rate increased yield of the late-planted crop by 10%
when averaged across environments (Fig. 5). Seeding rate did not affect yield at
the normal planting date. A similar interaction of planting date and seeding rate
was observed at Bossier City (Fig. 6). Both late planting and higher seeding rate
produced higher spikes m'2, but reduced the grains spike'1 and kernel weight
(Tables 2 and 4). Higher yield associated with the higher seeding rate for lateplanted wheat was due to higher spikes m'2. This was particularly true for Bossier
City in 1991, where tillering was very poor. Similar interactions between planting
date and seeding rate were reported by Roth et al. (1984) and Darwinkel et al.
(1977).
Higher seeding rate was able to partially offset the adverse effects of late
planting on grain yield by increasing spikes m'2. Late-planted Traveler produced
31% higher grain yield than late-planted Terral-101 at St. Joseph in 1992, but for
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4 ,0 0 0
□ N P B .R o u g e
LP B. R o u g e

3 ,5 0 0

O NP St.Joseph
□ LP S t.J o s e p h

Yield (kg/ha)

3 ,0 0 0

2 ,5 0 0

2,000

1 ,5 0 0

1,000
90

90+45

S p rin g N itro g e n (k g /h a )

Fig. 3. Wheat yield at two N levels planted at two different planting dates at Baton
Rouge during 1991 and St. Joseph during 1992. NP, Normal planting; LP,
Late planting.
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5,000
□

n p .t r

LP.TR
NP.T1
LP.T1

Yield (kg/ha)

4 ,5 0 0

4 ,0 0 0

3 ,5 0 0

3 ,0 0 0
90

90 + 45

S p rin g N itro g e n (k g /h a )

Fig. 4. Yield of two cultivars planted at two different planting dates and fertilized
at two N levels at Baton Rouge, during 1992. NP, Normal planting; LP, Late
planting; TR, Traveler; T1, Terral-101.
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2,900
NP
J LP

Yield (kg/ha)

2 ,7 0 0

2 ,5 0 0

2 ,3 0 0

2,100

1 ,9 0 0
84

168

S e e d in g R a te (k g /h a )

Fig. 5. Wheat yield at two seeding rates planted at two different planting dates,
averaged across six environments. NP, Normal planting; LP, Late planting.
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2,300

Yield (kg/ha)

2,100

1 ,9 0 0

1 ,7 0 0

1 ,5 0 0
84

168

S e e d in g R a te (k g /h a )

Fig. 6. Wheat yield at two seeding rates planted at two different planting dates at
Bossier City, during 1991. NP, Normal planting; LP, Late planting.
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early planting, the yield difference between the two cultivars was non-significant
(Fig. 7). The early-maturing character of Traveler made it a suitable choice for late
planting compared with Terral-101, which is medium late in maturity.

At

Alexandria, both cultivars gave similar grain yield when planted late, but Traveler
yielded 21% higher than Terral-101 when planted early (Fig. 7).
A significant interaction occurred between planting date, cultivar, and
seeding rate for grain yield at St. Joseph during 1992 (Fig. 8). Higher seeding rate
increased the yield of late-planted Traveler, but decreased the yield for Terral-101.
Since Terral-101 produced more spikes m'2 (Table 5), it yielded higher at the
lower seeding rate compared with Traveler, which produced fewer spikes rrf2 per
plant.

Conclusions
Delayed planting resulted in yield loss due to lighter kernels and fewer grains
spike'1. Yield losses due to late planting were reduced by planting an earlymaturing cultivar in combination with a higher seeding rate. Additional spring N
increased grain yield of the early-planted wheat, but for late planting, additional
spring N had no benefit and reduced yield by delaying maturity.

A strong

environmental influence was observed on seeding rate effects. A more detailed
study is needed to evaluate seeding rate effects over a range of environments and
planting dates.
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3,400
□

t r .s j

T 1 .S J
T R .A X

Yield (kg/ha)

2 ,9 0 0

B T 1 .A X

2 ,4 0 0

1 ,9 0 0

1 ,4 0 0

900
N o rm a l

5 w k L ate
P la n tin g D a te

Fig. 7. Yield of two cultivars planted at two different planting dates at Alexandria
(AX) during 1991, and St. Joseph (SJ) during 1992. TR, Traveler; T1,
Terral-101.
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3,200

□

N P .T R

0

LP.TR

0 N P .T 1
B

LP.T 1

2,200

Yield

(kg/ha)

2 ,7 0 0

1 ,7 0 0

1,200
84

168

S e e d in g R a te (k g /h a )

Fig. 8. Yield of two cultivars planted at two different planting dates at two seeding
rates at St. Joseph, during 1991. NP, Normal planting; LP, Late planting;
TR, Traveler; T1, Terral-101.
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Chapter 2

The Effect of Management Inputs on Leaf Area and Light Interception of
Winter Wheat

Summary
Poor vegetative growth and development resulting from high temperature
and moisture during the fall and spring is an important yield-limiting factor of wheat
in the mid-South. Yields of winter wheat ( T rit ic um aestivum L. emend. Thell)
can be increased by selecting production inputs that increase the crop
photosynthetic rate. Field experiments were conducted at two locations in 1991
and 1992 to evaluate the effects of management practices on leaf area index (LAI)
and light interception (LI) of wheat planted at recommended and post
recommended dates. Seeding rates of 84 and 168 kg ha"1 and topdress N rates
of 90 and 90 + 45 kg ha'1 were evaluated for an early and a late-maturing cultivar
planted at a recommended date or 35 d later. Excessive rains in combination with
fewer sunny days during 1991 delayed maturity but increased LAI of the crop.
Wheat at both planting dates produced similar LAI and LI, but decline in LAI for
late-planted wheat was slowed by delayed maturity.

Increase in seeding rate

increased LI during the winter, but had no effect on LAI or LI during the grainfill
period. Additional application of spring N increased LAI and LI at both locations
during 1992. There was a significant cultivar-by-planting date interaction for LAI
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and LI. In early spring, ’Traveler’ had higher LAI and LI than Terral-101. The LAI
was similar for both cultivars in mid-spring, while ’Terral-101’ had higher LAI and
LI at the end of the season.

Introduction
Performance of wheat can be improved by selecting production practices
that

maximize

photosynthetic

activity.

Leaf

area and

absorption

of

photosynthetically active radiation are interrelated (Asrar et al., 1984). Semidwarf
cultivars of wheat have higher stomatal density than tall cultivars, which results in
a higher photosynthetic rate (LeCain et al., 1989).

Kebede et al. (1992)

compared the photosynthetic rates of two wheat cultivars with similar physiological
and anatomical traits and reported significant differences in photosynthetic rate of
two cultivars. Richards and Townly-Smith (1987) reported a positive association
between preanthesis growth and grain yield in winter wheat. Growth includes
increase in total biomass and more specifically, increase in leaf area index. Leaf
area and LI are genotype dependent (Richards and Townly-Smith, 1987). Watson
(1952) reported that it was difficult to increase net assimilation rate for winter
wheat, and suggested management of leaf area to increase yield. Board et al.
(1992) reported a positive association between canopy light interception and grain
yield of soybean. The growth of winter wheat is initially slow and the leaf area
index is less than one during the first few months (Watson, 1952). Moore et al.
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(1992) reported a leaf area index of less than one for up to 16 wk after planting
of winter wheat.
Late planting of wheat can result in less vigorous growth and delayed
maturity compared to wheat planted in mid-November (Harrison et al., 1987).
Batten and Khan (1987) reported that early-sown wheat developed a larger root
system, more vegetative growth, and higher yield than a later-sown crop.

In

Tennessee, increased plant height was associated with increased rates of topdress
N fertilization (Wolt et al., 1989). Touchton et al. (1983) recommended that
topdress N be applied as soon as possible after February 1 to improve wheat
performance in Alabama. The optimum time and rate of topdress N application
for wheat varies with cultivar, planting date, seeding rate, previous crop, and other
factors that may affect plant growth and development.
When cultivars are compared across environments the relative rankings
usually differ, which complicates the demonstration of significant superiority for any
given cultivar. The genotype by environment (GxE) interaction is usually present
whether the cultivars are purelines, single or double cross hybrids, top crosses,
Si lines, or any other material (Eberhart and Russell, 1966). The growth pattern
of a wheat cultivar, resistance to diseases, adaptation to soil type, grain yield, and
grain quality should be used to select an appropriate cultivar for a particular region
(Delane and Hamblin, 1989). Planchon and Fesquet (1982) reported decreased
net photosynthesis per unit leaf area in cultivars with greater leaf area. They
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suggested that increased mesophyll resistance is responsible for the decrease in
photosynthetic rate.
To develop a better understanding of the factors affecting yield of winter
wheat in the mid-South USA, we evaluated leaf area and light interception among
planting dates, seeding rates, and fertilizer N rates for two diverse wheat cultivars.

Methods and Materials
Field experiments were conducted at Baton Rouge on a Mhoon silty clay,
Fine-silty, mixed nonacid, thermic, Fluventic Haplaquepts and St. Joseph on a
Sharkey clay, very-fine, montmorillonitic, thermic Vertic Haplaquents, for 2 yr
(1990-91 and 1991-92). Two wheat cultivars representative of the normal range
in maturity and vernalization requirement were used.

’Traveler’ is an early-

maturing, low-vernalization cultivar, while ’Terral-101’ is medium-late in maturity
and has a normal vernalization requirement. Fungicides were applied to prevent
differences in resistance to fungal pathogens from influencing results.
The targeted planting dates were mid-recommended range and 35 d later
for each location. Planting dates for the 1990-91 experiments were 6 November
and 13 December at St. Joseph and 15 November and 14 December at Baton
Rouge.

Planting dates for the 1991-92 experiment were 6 November and 14

December for St. Joseph and 7 November and 19 December for Baton Rouge.
Seeding rates were 84 and 168 kg ha'1. All plots received 90 kg N ha'1 as
urea (46-0-0) at approximately Feekes (Large, 1954) growth stage 4.

An
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additional 45 kg N ha"1 was applied as ammonium nitrate (34-0-0) to high-N plots
at approximately Feekes growth stage 8. Fertilization dates differed for the two
cultivars according to growth stage. Phosphorus and potassium were applied
prior to seedbed preparation based on soil test recommendations.
A randomized complete block design with four replications was used with
treatments arranged in a split plot. Planting dates were assigned to main plots and
cultivar-N rate-seeding rate combinations allocated to sub-plots in a factorial
arrangement [2 x 2 x 2], Plots consisted of seven rows spaced 18 cm apart and
were seeded with a small-plot drill. Established plots were trimmed to a uniform
length. Light interception was recorded and two 30-cm samples were taken from
each plot at 15 d interval when the crop started growing rapidly (mid-February) to
determine LAI. Leaf area was measured using the LAI meter LI-3050/A and LI3000 (Lambda Instrument Corporation, U.S.A.). Percent light interception by the
canopy was recorded at Baton Rouge and St. Joseph using a Li-Cor Line
Quantum Sensor (1 m long) connected to a data logger (Li-Cor Inc., Lincoln, NE).
Light interception by the canopy was recorded around noon on cloudless days.
General Linear Model procedures (SAS® Institute Inc., 1985) were used to
analyze the data, with planting date, seeding and nitrogen rates, and cultivar as
fixed effects. The data were analyzed individually for each location and year.
When the F test indicated statistical significance at P=0.05 level, the least
significant difference (LSD) was used to separate means.
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Results and Discussion
Leaf Area
The 1990-91 growing season was extremely wet. Rainfall from 1 January
to 31 May, 1991 at Baton Rouge and St. Joseph was 110 and 103 cm,
respectively (Fig. 9). Excessive rain in combination with few sunny days delayed
maturity and increased leaf area of the crop during 1991. Overall, LAI was higher
at both locations in 1991 than in 1992.
Wheat planted on a recommended or late date attained maximum LAI
around 20 March, except at Baton Rouge in 1992 where late planting caused a
2 wk delay in attaining maximum LAI. The maximum LAI of both dates was similar
except at St. Joseph (1991), where late planting reduced the maximum LAI (Fig.
10). The average LAI of the two cultivars planted at a normal date dropped
quickly after attaining the maximum. Decline in LAI for the late-planted crop was
slower, which delayed maturity and exposed the crop to heat stress which may
have caused yield loss in the late-planted crop by reducing kernel weight and
grains spike'1 (Table 2). The average yield of the crop planted on a normal date
was 26% higher than the crop planted at a later date. Leaf area index was not
affected by seeding rate in any environment (Fig. 11). Similar effects of seeding
rate on LAI were reported by Richard and Townly-Smith (1987).
During 1992, additional spring N increased LAI by 37 and 27% at St.
Joseph and Baton Rouge, respectively (Fig. 12) and increased yield by 8% (Table
3). The additional spring N increased yield by increasing LAI. Gardner et al.
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Fig. 10. Effect of planting date on development of leaf area index of wheat,
averaged across seeding rate, N rate, and cultivar. NP = normal planting;
LP = late planting; * = significant at 0.05 level.
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Fig. 11. Effect of seeding rate on development of leaf area index of wheat,
averaged across planting date, N rate, and cultivar. 86 = 86 kg/ha;
168 = 168 kg/ha.

50

St. Joseph

Leaf area index

St. J o s e p h , 1991

Baton Rouge, 1992

Baton Rouge, 1991
A

Leaf area index

10

\

8
A

y

/

90
A 90 + 45

0

15

30

Days after Feb. 20

45 0

15

30

45

Days after Feb. 20

Fig. 12. Effect of additional spring N on development of leaf area index of wheat,
averaged across planting date, seeding rate, and cultivar. 90 = 90 kg
N/ha; 90 + 45 = 90 + 45 kg N/ha; * = significant at 0.05 level.
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(1985) suggested that greater cell expansion at higher N rates results in higher
LAI. LAI’s were greater in 1991; however, excessive rains caused leaching of N
and masked the effect of additional spring N on LAI.
Leaf area index was significantly affected by cultivars at both locations and
years except St. Joseph during 1991 (Fig. 13), Terral-101 produced higher LAI
except at St. Joseph (1991), where LAI was similar for the two cultivars. The latermaturing growth habit of Terral-101 resulted in increased LAI but also in exposure
to greater heat stress at grainfill. Higher temperature reduced kernel weight and
kernels spike'1 leading to lower yields of Terral-101 compared with Traveler (Table
5).
There was a significant interaction between planting date and cultivar for LAI
at the beginning and end of the season across both years and locations, but the
effect was non-significant during mid-spring (1-25 March). At the beginning of the
season Traveler produced higher LAI than Terral-101 when planted on a normal
date, but both cultivars gave similar early-season LAI when planted late. At the
end of the season both cultivars produced similar LAI when planted late, but
Terral-101 gave higher season-end LAI when planted on a normal date.

Light Interception
There were few sunny days during spring 1991 and LI was recorded only
on two dates at Baton Rouge and St. Joseph. Light interception readings were
taken on four dates in 1992.

52

St. Joseph, 1991

St. Joseph
1992

10

Leaf area index

"k

0L
14
Baton Rouge, 1992

14

Leaf area index

Baton Rouge, 1991

j»

v a.
* /V

TR
& -■

0

15

T 1

30

Days after Feb. 20

45

0

15

30

45

60

Days after Feb. 20

Fig. 13. Effect of cultivar on development of leaf area index of wheat, averaged
across planting date, seeding rate, and cultivar. TR = Traveler; T1 =
Terral-101; * = significant at 0.05 level.
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Planting date significantly affected LI at both locations during early stages
of crop growth, but the effect of planting date on LI was non-significant later in the
season (Table 6). The crop planted on a normal date absorbed more light than
the late-planted crop up to first week of March, after which the crops absorbed
similar amount of light. The crop planted on a normal date had more leaves than
the late-planted crop in early-winter due to an extended time for growth under
warm temperature conditions (Fig. 10).

As the season progressed, the late-

planted crop grew significantly and absorbed the same amount of light as the crop
planted on a normal date.
Seeding rate affected LI in a similar fashion as planting date (Table 6).
Higher seeding rate increased LI in the winter, but by 5 March the differences
between seeding rates were not significant. The crop planted at the lower seeding
rate produced more leaves per plant and hence had similar LAI and LI compared
with the crop planted at higher seeding rate.

Gardner et al. (1985) have

previously reported a similar growth compensation by wheat at different plant
densities.
Additional spring N, applied in the last week of February, increased LI
during grainfill at both locations (Table 6). This increase was mainly due to higher
LAI (Fig. 11), and contributed to an 8% higher grain yield by the crop receiving
additional spring N (Table 3).

Light interception was significantly affected by

cultivar at the beginning and end of the season (Table 6). Traveler, an earlymaturing spring-type cultivar, absorbed more light in early-spring. Terral-101, a

Table 6. Effect of m anagem ent inputs on absorption of photosynthetically active radiation by w heat in 2 environments
during 1992.
______________ Baton Rouge______________
0
15
30
45

Days after Feb. 20

0

St. Joseph_______________
15
30
45

% light interception
Planting Date

Normal
5 wk late

58.0*
26.2

77.1*
56.1

85.6ns
72.4

78.4ns
78.1

62.7**
26.7

79.2*
61.3

88.9ns
76.5

84.4ns
87.8

Seeding Rate
(Kg/ha)

86
168

36.1**
48.2

61.5
72.3

74.7ns
83.3

77.5ns
78.9

39.6*
49.8

69.0*
77.3

81.5ns
84.9

84.3ns
87.2

Spring N.
(Kg/ha)

90
9 0+ 45

41.2ns
43.1

67.7ns
66.1

77.0ns
81.1

74.1**
82.4

43.2ns
46.2

71.3ns
73.2

78.7ns
86.7

80.6*
91.6

Cultivar

Traveler
Terral-101

49.0
35.2

70.0ns
63.8

78.4ns
79.6

71.6*
84.9

55.1**
34.3

73.8ns
65.7

82.8ns
83.6

85.3ns
86.9

**

*, ** Significant at 0.05 and 0.01 probability levels respectively, by an F test,
ns Non-significant.

oi
45*
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medium-late maturing cultivar with winter-type growth habit, recorded higher LI at
the end of the season. These differences were related to the LAI for both cultivars
(Fig. 13). Traveler had higher LAI and hence higher LI in the beginning of spring,
while Terral-101 developed more LAI and LI at the end. These differences are
mainly due to the inherent growth characteristics of the cultivars. Richards and
Townly-Smith (1987) have previously reported that LAI and LI were genotype
dependent.

Conclusions
Yield loss by late planting of wheat was not related to reduction in LAI or
LI, but was likely due to later maturity that exposed the crop to heat stress during
the crucial grainfill period. This resulted in lighter kernels and fewer grains spike'1
(Table 2). Wheat planted at a low density compensated by additional per plant
growth, and there was no difference between plant densities in LAI or LI.
Additional spring N increased LAI, LI, and wheat yield by increasing LAI and LI.
Leaf area and LI were influenced by the genotypes evaluated.
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Chapter 3

The Effects of Management Inputs on Disease Management of
Winter Wheat

Summary
Proper production inputs can be an efficient management tool for control
of foliar diseases of winter wheat ( T rit ic u m aestivum L. emend. Thell). Foliar
diseases of wheat cause significant yield loss along the Gulf Coast because of
high temperature and moisture during the fall and spring. Field experiments were
conducted at two locations in 1991 to evaluate the effects of management
practices on disease incidence of wheat planted at recommended and post
recommended dates. Seeding rates of 84 and 168 kg ha'1 and topdress N rates
of 90 and 90 + 45 kg ha"1 were evaluated for two cultivars differing in
susceptibility to leaf rust (P u c c in i a r e c o n d it a Rob. ex. Desm. f. sp. trit ic i)
planted at a recommended date or 35 d later, with or without foliar fungicide
application. Foliar fungicide increased grain yield by increasing kernel weight and
reducing leaf rust.

Spikes m'2 and grains spike'1 were unaffected by foliar

fungicide. Fungicide application increased yield of the resistant and susceptible
cultivar equally, despite the fact that the susceptible cultivar developed three-times
the severity of leaf rust as the resistant cultivar in the absence of fungicide. The
higher seeding rate increased leaf rust severity. Bacterial streak (X anthom onas
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campestris

pv. translu cens (Jones, Johnson, and Reddy) Dye) was not

affected by nitrogen rate, seeding rate, or fungicide application, while Septoria leaf
(M y c o s p h a e r e l l a

gra m in ico la

(Fuckel)

Schroeter)

and

glume

(Leptosphaeria nodo rum) blotch were only affected by cultivar. Reduction in
leaf rust incidence was accompanied by an increase in either Septoria leaf and
glume blotch or bacterial streak, which makes disease management difficult if a
combination of two or more of these diseases occur.

Relative incidence of

bacterial streak and Septoria leaf and glume blotch for the two cultivars varied
across environments.

Late-planting decreased Septoria ratings for the later-

maturing cultivar and increased ratings for the early-maturing cultivar. Application
of foliar fungicide also reduced Septoria ratings for late-planted wheat.

Introduction
Due to high temperature and humid conditions, foliar diseases of wheat are
among the primary yield-limiting factors along the Gulf Coast. When fall rains and
poor drying conditions delay planting beyond the optimum date, the environment
in which the crop and pathogen interact is changed, which may alter disease
development and the efficacy of disease management practices as part of the
overall crop management system.
Intensive cereal management systems (ICM) initiated in Europe have
recently received attention for wheat production in the United States. An ICM
approach to increase the yield and performance of winter wheat involves

management of planting date, seeding rate, row spacing, topdress fertilizer
(particularly N), cultivar selection, lodging, weeds, and pests (Oplinger et al.,
1985; Effland, 1981). According to Guy et al. (1989), the first five of these
management inputs increase yield potential, while the last three prevent yield
losses. Broscious et al. (1985) reported that the effects of management inputs
on Septoria severity were not consistent. Crop response to certain combinations
of ICM factors was not consistent across environments (Nafziger et al., 1986;
Johnson et al., 1979). Therefore, choice of ICM techniques is dependent on the
environment in which the crop is grown.
Common foliar diseases of winter wheat along the Gulf Coast include leaf
rust (Puccin ia re c o n d it a Rob. ex. Desm. f. sp. tritici), Septoria leaf
(M ycosphaereila

gra m in icola

(Fuckel)

Schroeter)

and

glume

(Leptosphaeria nodo rum) blotch, and bacterial streak (Xanthomonas
campestris pv. translu cens (Jones, Johnson, and Reddy) Dye). Guy et al.
(1989) reported that the level of severity of these diseases varies during a season
and over years. They found that a combination of two or more of these diseases
was difficult to manage. Tavella (1977) reported lower Septoria severity on latermaturing cultivars.

Genetic resistance is the best alternative for disease

management, but resistance genes to some diseases are not available in many
cultivars and are not effective against new races of pathogens (Harrison et al.,
1987). The leaf rust fungus has shown a tremendous ability to quickly adapt to
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resistance genes in widely grown cultivars. Wheat cultivars grown in the midSouth are all susceptible to bacterial streak.
Yield losses due to foliar diseases can be reduced by using suitable
combinations of ICM techniques, including

the use of

foliar fungicides.

Effectiveness of ICM can be increased by planting cultivars responsive to an ICM
systems (Harms et al., 1989). Karlen and Gooden (1990) suggested that the
need for foliar fungicides can be eliminated if resistant cultivars are planted. In
south Louisiana, Harrison et al. (1987) reported that foliar diseases increased with
increasing N rates and suggested that fungicide applications were important to
prevent yield losses with higher N rates. Boquet and Johnson (1987) also found
higher N rates increased leaf rust incidence. Harms et al. (1989) reported that
foliar diseases and the need for fungicides increased with increasing N and
seeding rates. Foliar diseases of wheat can be reduced by planting wheat late,
but delayed planting can result in a significant yield loss (Wilson, 1989; Perry et
al., 1989). Cook and Veseth (1991) recommended delayed planting to control
Septoria leaf blotch in areas where this disease is a major problem.
Few studies are available that account for the effects and interactions of
ICM inputs on disease management of winter wheat. The objective of this study
was to evaluate the effect and interaction of planting date, foliar fungicide, and
increased seeding and spring N rates on disease management of two wheat
cultivars differing in resistance to leaf rust and Septoria leaf and glume blotch.
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Methods and Materials
The experiment was conducted at Alexandria [Norwood silt loam soil (Finesilty, mixed calcareous, thermic, Typic Udifluvents)] and Bossier City [Norwood
very fine sandy loam soil (Fine-silty, mixed calcareous, thermic, Typic Udifluvents)]
during 1990-91.

Two wheat cultivars representative of the normal range in

maturity and vernalization requirement were used. ’Traveler’, an early-maturing,
low-vernalization cultivar is susceptible to prevalent races of leaf rust, while ’Terral101’ is a later-maturing, longer-vernalization cultivar and has resistance to
prevalent races of leaf rust.
Planting was targeted for the "recommended" planting date and 35 days
later for each location. The median recommended planting dates are 30 October
and 6 November for Bossier City and Alexandria, respectively. Actual planting
dates were 29 October and 12 December, and 7 November and 13 December for
Bossier City and Alexandria respectively. Seeding rates were 84 and 168 kg ha"1.
All plots received 90 kg N ha"1 (urea, 46-0-0) at approximately Feekes (Large,
1954) growth stage 4. An additional 45 kg ha'1 of N (ammonium nitrate, 34-0-0)
was applied to high N plots at approximately Feekes growth stage 8.

The

experiment included two fungicide treatments: i) Manzate® 3.6 kg ai ha'1 (a
coordination product of Zn ion and Manganese ethylene bisdithiocarbamate) plus
Bayleton® 140 grams ai ha'1 { 1-(4-chlorophenoxy) -3, 3-dimethyle-1-(1-H-1, 2, 4triazol-1-yl) -2-butanone} sprayed at approximately Feekes stage 8 and 10.5 and
ii) no fungicide. Fertilization and fungicide application dates differed for the two
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cultivars and planting dates according to growth stage. The fungicide was applied
with a C 02 backpack sprayer to allow use of a factorial treatment design and
permit spraying at proper growth stage for the two cultivars. Disease severity
ratings (percent of plant area infected) were recorded after the second fungicide
application for head, flag leaf, and flag leaf minus one on a 0 - 100% scale
(Colyer, P., personal communications). Disease severity notes were taken from
interior rows of plots for leaf rust, Septoria leaf and glume blotch, and bacterial
streak.
A randomized complete block design with four replications was used with
treatments arranged in a split plot with planting dates as main plots and all other
treatment combinations allocated to sub-plots in a factorial arrangement [2 x 2 x
2 x 2]. Plots consisted of seven rows spaced 18 cm apart at Bossier City, while
plots had nine rows spaced 15 cm apart at Alexandria, and were seeded with a
small-plot drill. Established plots were trimmed to a uniform length. Data were
collected for yield and yield components at all four locations. Two 30-cm row
samples per plot were taken prior to harvest to determine yield components. The
total number of spikes were counted for each 60-cm sample and then threshed
and grains were weighed. Ten random spikes were threshed separately and
grains counted to obtain grains spike'1. A 1000-seed sample was taken from
each plot to determine kernel weight. A small-plot combine was used to harvest
the plots after end-trimming. Total grain yield was adjusted to 13% moisture.
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General Linear Model procedures (SAS Institute Inc., 1985) were used to
analyze the data, with planting date, fungicide, seeding and nitrogen rates, and
cultivar as fixed effects. The data were first analyzed individually for each location
and then combined over locations (Table 7). When the F test indicated statistical
significance at P = 0.10 level, the least significant difference (LSD) was used to
separate the means.

Results and Discussion
Yield and Yield Components
A strong environmental influence was observed on severity of fungal
diseases, mainly due to the climatic differences. The lower humidity at Bossier
City resulted in lower disease severity than at Alexandria.
Grain yield increased by 19% by application of foliar fungicides, when
averaged across locations (Table. 8). Application of fungicides increased the yield
by 345 and 269 kg ha'1 at Alexandria and Bossier City, respectively.

This

increase in grain yield was mainly due to heavier kernels produced by plots
receiving foliar fungicides. Application of fungicides may have prevented the loss
of photosynthetic area due to diseases, resulting in stronger photosynthate source
and increased kernel weight. Similar effects of fungicide application on kernel
weight were reported by Jenkins and Morgan (1969).
For the cultivar Traveler, higher seeding rate significantly increased grain
yield in the presence of a fungicide, but decreased yield in the absence of a
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Table 7. A na lysis o f variance fa b le fo r yie ld and yie ld co m p on e nts, co m b in e d over both
lo ca tion s.
Mean Square
Source

Environment
Rep(Environment)
Date
Environment*Date
Rep*Date(Environment)
Seed rate
N
Cultivar
N*Seed rate
Cultivar*Seed rate
Cultivar*N
Cultivar*N*Seed rate
Date*Seed rate
Date*N
Date*Cultivar
Date*N*Seed rate
Date*Cultivar*Seed rate
Date*Cultivar*N
Date*Cultivar*N*Seed rate
Environment*Cultivar
Environment*N
Environment*Seed rate
Fungicide
Date*Fungicide
Seed rate*Fungicide
N*Fungicide
Cultivar*Fungicide
N*Seed rate*Fungicide
Cultivar*Seed rate*Fungicide
Date*Seed rate*Fungicide
Cultivar*N*Fungicide
Date*N*Fungicide
Date*Cultivar*Fungicide
Environment*Fungicide

DF

Yield

Spikes
m -2

1
6
1
1
6
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

17356465*
1849086**
19545291ns
4416040ns
2169634**
348424ns
47823ns
163185ns
400558ns
37482ns
107344ns
2831ns
1860973**
1745351**
844749*
85216ns
255417ns
73097ns
364366ns
2280154**
2468848**
2074099**
5808952**
499610ns
262334ns
43293ns
75280ns
568944ns
714575+
448619 ns
162079ns
232987ns
313899ns
4457ns

18125.9*
1416.6**
546.4 ns
429.2 ns
356.3 ns
2628.8*
53531.4**
2029.9*
82.0ns
3.1ns
95.1ns
249.9ns
89.6ns
2130.0*
259.0ns
127.9ns
1262.0ns
424.1ns
640.0ns
5351.7**
50.3ns
518.1ns
7.8ns
7.8ns
811.6ns
175.0 ns
47.5ns
10.3ns
344.0ns
348.0ns
38.3ns
919.8ns
887.9 ns
887.9 ns

K ernel
W eight

G rains
S p ik e '1

0.08ns
12.3**
606.2ns
220.6*
29.1**
0.01ns
. . . **
44.4
kk
248.4
0.2ns
7.3ns
0.01ns
3.7ns
0.2ns
1.5ns
33.6**
1.7ns
1.4ns
1.9ns
0.2ns
83.5**
19.3*
0.01ns
100.6**
0.1ns
3.8ns
2.9ns
1.8ns
0.7ns
8.6+
0.1ns
0.1ns
10.0f
0.1ns
8.6+

1056.5**
67.8**
168.3ns
•kit
876.8
26.1ns
99.3*
67.5*
619.1**
53.8ns
12.5ns
31.0ns
0.7ns
42.3ns
10.8ns
128.0**
4.5ns
3.3ns
109.8*
0.1ns
723.2**
17.5ns
3.9ns
26.5ns
1.8ns
43.1ns
8.6ns
16.9ns
67.8*
79.1*
3.6ns
18.3ns
1.1ns
5.6ns
38.4ns

t , *, ** Significant at 0.10, 0.05, and 0.01 probability levels respectively, by an F test,
ns Non-significant.
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Table 8. Effect of fungicide application on yield and yield components of winter wheat
grown in two environments, averaged across planting date, cultivar, seeding and N
rates.
B .C ity

Mean

1909**
2178

1637**
1946

T ra it

F u n g icid e 11

Yield
kg h a '1

Untreated
Treated

1362**
1707

1000 kernel
weight (grams)

Untreated
Treated

19.0
20.7

Spikes
no. m eter'2

Untreated
Treated

103

117ns
116

107ns
110

Grains
no. spike'1

Untreated
Treated

22*
24

27ns
27

25ns
25

A le xan d ria

CO
%

ikit

19.4
20.4

**

19.3**
20.6

t , *, * * Significant at 0.10, 0.05, and 0.01 probability levels respectively, by an F test,
ns Non-significant.
U Manzate® (3.6 kg ai h a '1) plus Bayleton® (140 gram kg ai h a '1).
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fungicide (Fig. 14). The grain yield of the more resistant cultivar, Terral-101, was
relatively high and unaffected by seeding rate, when a fungicide was used. In the
absence of a fungicide, the higher seeding rate resulted in a significant yield
increase. Increased leaf rust severity in Traveler with higher seeding rate (Fig. 15)
may explain the yield loss by Traveler at the higher seeding rate in the absence of
fungicide.
Since Terral-101 is resistant and Traveler is susceptible to leaf rust, a
cultivar by fungicide interaction was expected, but did not occur. Application of
foliar fungicide significantly increased the grain yield of both cultivars although the
yield increase was greater for Traveler (Fig. 16).
Kernel weight was increased by 9 and 5% in plots treated with a fungicide
at Alexandria and Bossier City, respectively (Table. 8). Disease stress and loss of
photosynthetic area at grainfill in the control plots resulted in lighter kernels and
lower yield. Similar effects of fungicide application on kernel weight were reported
by Jenkins and Morgan (1969).

Overall, spikes m"2 and grains spike"1 were

unaffected by fungicide application, although spikes m'2 and grains spike"1 were
slightly increased in fungicide plots at Alexandria.

Leaf Rust
Leaf rust severity was significantly higher at Alexandria (Table 9), which
resulted in 22% less grain yield than Bossier City. As expected, there was only a
trace of leaf rust on Terral-101, while Traveler was moderately infected (Table. 9).
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2,100
IBM Traveler(FU)
E2 Traveler (NO)
EH] TerraI-1 01 (FU)

2,000

S T e rra l-1 0 1 (NO)

Yield (kg/ha)

1 ,9 0 0

1 ,8 0 0

1 ,7 0 0

1 ,6 0 0

1 ,5 0 0
84

168

S e e d in g R a te (k g /h a )

Fig. 14. Yield response of two cultivars at two seeding rates to application of
fungicide averaged across two environments (P<0.07). FU = foliar
fungicide; NO = no fungicide.
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0
84
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Fig. 15. Leaf rust severity of two cultivars at two seeding rates, averaged across
two environments.
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E 3 T r a v e le r
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Fig. 16. Yield response of two cultivars to fungicide application averaged across
two environments (non-significant).
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Table 9. Effect of management input on leaf rust severity* on winter wheat grown at two
locations during 1991.
T reatm ent

Level

A le xan d ria

B. C ity

Mean

-----% --------------Planting date

Normal
5 wk Late

15.8ns
8.6

0.6*
5.3

Cultivar

Traveler
Terral-101

24.1**
0.3

5.8
0.0

Seeding rate

84 kg ha"1
168 kg h a '1

9.2*
15.1

2.5ns
3.4

4.7
7.4

Spring N.

90 kg h a '1
90 + 45 kg h a '1

11,8ns
12.5

3.3ns
2.6

5.8ns
6.4

Fungicide11

Untreated
Treated

16.7
7.7

**

_ _**
8.8
3.2

**

4.9
0.9

**

5.7ns
6.4

11.9**
0.1
**

+, *, * * Significant at 0.10, 0.05, and 0.01 probability levels respectively, by an F test,
ns Non-significant.
t % of flag and flag minus one leaves infected.
U Manzate® (3.6 kg ai h a '1) plus Bayleton® (140 gram kg ai h a '1).
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Planting date did not significantly affect leaf rust, averaged across other factors,
although late-planting reduced leaf rust by 46% at Alexandria and increased leaf
rust at Bossier City. Higher seeding rate increased leaf rust severity by 64% at
Alexandria, but had no effect at Bossier City (Table. 9). The higher seeding rate
resulted in a more dense leaf canopy and may have favored disease by increasing
humidity and leaf wetness duration. Similar effects of higher seeding rates were
reported by Cook and Veseth (1991).
The effect of additional topdress spring N on leaf rust ratings was not
significant. Spring 1991 was extremely wet, with 103.3 and 120.8 cm of rainfall
for Alexandria and Bossier City, respectively, between 1 January and 31 May.
Leaching from these heavy rains may have masked the effect of additional
topdress N. An increase in leaf rust due to increased rates of N was reported by
Harrison et at. (1987), Boquet and Johnson (1987), and Cook and Veseth
(1991).
Leaf rust symptoms were observed in the fungicide protected plots,
although application of foliar fungicide significantly reduced the leaf rust severity
(Table 9). This suggests that fungicide was not completely effective, possibly due
to high rainfall, or improper timing, or poor coverage. At Alexandria leaf rust was
reduced by 54%, while an 82% reduction in leaf rust was observed at Bossier City,
when plots were sprayed with fungicide (Table 9). Similar reductions in disease
with application of fungicides were reported by Karlen and Gooden (1990) and
Harrison et at. (1987).

73

Leaf rust was reduced from 18% on Traveler to 6% by application of a
fungicide. The resistant cultivar Terral-101 had less than 1% leaf rust, even in the
absence of a fungicide. Similar effects of fungicide on leaf rust were reported by
Harms et al. (1989). Higher seeding rate resulted in a 40% increase in leaf rust
incidence for Traveler, while leaf rust for Terral-101 was unaffected by seeding rate
(Fig. 15). Increased humidity and prolonged leaf wetness duration due to dense
canopy at higher seeding rate may have caused this increase in disease severity.
Cook and Veseth (1991) reported similar effects of higher seeding rates on leaf
rust severity.

Bacterial Streak
Planting date, cultivar, and seeding rate had little effect on bacterial streak
severity (Table 10), averaged across locations. A significant genotype by location
interaction occurred for bacterial streak. Traveler had significantly less bacterial
streak at Alexandria, but had higher ratings at Bossier City. A significant fungicide
by location interaction also occurred for bacterial streak. Fungicide application
resulted in significantly lower bacterial streak ratings at Alexandria, and higher
ratings at Bossier City. Fungicide application may have resulted in an interaction
between bacterial streak and Septoria leaf and glume blotch. More leaf rust was
observed in the control plots which either reduced the bacterial streak or masked
it’s symptoms.
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Table 10. Effect of management input on bacterial streak severity* on winter wheat
grown at two locations during 1991.
T reatm ent

Level

A le xan d ria

B. C ity

Mean

-----% --------------Planting date

Normal
5 wk Late

5.9ns
6.7

7.4ns
7.0

6.9ns
6.8

Cultivar

Traveler
Terral-101

5.1**
7.5

8.1**
6.3

7.1ns
6.6

Seeding rate

84 kg ha"1
168 kg h a '1

6.4ns
6.3

7.1ns
7.2

6.8ns
7.0

Spring N.

90 kg h a '1
90 + 45 kg ha"1

5.5*
6.3

7.2ns
7.2

6.8ns
6.9

Fungicide,i,

Untreated
Treated

7.2**
5.5

7.0*
7.4

7.1ns
6.7

+, *, * * Significant at 0.10, 0.05, and 0.01 probability levels respectively, by an F test,
ns Non-significant.
t % of flag and flag minus one leaves infected.
H Manzate® (3.6 kg ai ha"1) plus Bayleton® (140 gram kg ai ha"1).
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Septoria leaf and glume blotch and bacterial streak frequently occur
together in Louisiana. When this occurs, tissue affected by one pathogen may be
attributed to the other. The presence of Septoria leaf and glume blotch may also
provide a site of entry for the bacteria, which would result in an increase in
bacterial streak when a fungicide was not used to control the fungal disease.
Late planting resulted in a significant increase in bacterial streak for
Traveler, while bacterial streak was reduced by late planting for Terral-101 (Fig.
17). The different maturity times may have caused this difference in bacterial
streak response of two cultivars to late-planting. Higher bacterial streak severity
for late-planted Traveler may be explained by less competition and antagonism
from Septoria and leaf rust for bacteria on the late-planted wheat (Cook and
Veseth, 1991).

Septoria Leaf and Glume Blotch
Traveler had significantly more Septoria leaf and glume blotch than Terral101 at Alexandria, while Septoria severity was low and unaffected by cultivar at
Bossier City (Table 11). The interaction of genotypes with environment may have
caused the differences in Septoria severity on two cultivars.

The severity of

Septoria leaf and glume blotch was not influenced by planting date, fungicide,
seeding rate or N level (Table 11).
The effect of planting date on Septoria leaf blotch was not consistent across
cultivars. The early-maturing cultivar Traveler had significantly higher levels of
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Fig. 17. Bacterial streak severity of two cultivars at two planting dates, averaged
across two environments (P<0.01).
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Table 11. Effect of management input on Septoria leaf blotch severity* on winter wheat
grown at two locations during 1991.
T reatm ent

Level

A le xan d ria

B. C ity

Mean

----- % --------------- --------------7.4ns
7.6

11,2ns
12.5

7.5ns
7.5

13.9
9.6

22 2ns
18.6

7.5ns
7.5

12.4ns
11.2

90 kg h a '1
90 + 45 kg h a '1

19,8ns
20.9

7.4ns
7.5

11,6ns
12.0

Untreated
Treated

20.7ns
20.0

7.5ns
7.5

11.9ns
11.7

Planting date

Normal
5 wk Late

18.8ns
22.0

Cultivar

Traveler
Terral-101

26.9
13.9

Seeding rate

84 kg h a '1
168 kg h a '1

Spring N.

Fungicide11

**

**

t , *, * * Significant at 0.10, 0.05, and 0.01 probability levels respectively, by an F test,
ns Non-significant.
t % of flag and flag minus one leaves infected.
U Manzate® (3.6 kg ai h a '1) plus Bayleton® (140 gram kg ai h a '1).
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Septoria leaf blotch when planted late, while the opposite was true for Terral-101
(Fig. 18). Different maturity time for two cultivars may have caused these results.
Tavella (1977) reported lower Septoria leaf blotch scores on later-maturing
cultivars.

A significant interaction occurred for Septoria leaf blotch between

planting date and fungicide application. Application of fungicide increased Septoria
ratings for wheat planted on a normal date, but reduced Septoria when wheat was
planted late (Fig. 19). For the crop planted at a later date shorter growth period
may have restricted the upward movement of Septoria, resulting in reduced
severity (Griffiths and Ao, 1976). Cook and Veseth (1991) recommended lateplanting of wheat to control Septoria leaf blotch.

Conclusions
Application of foliar fungicide increased grain yield by reducing leaf rust and
increasing kernel weight. Growing a disease-resistant cultivar is a good practice,
but even an apparently resistant cultivar may show a yield increase from
application of foliar fungicide.
severity.

The higher seeding rates increased leaf rust

Management inputs had very little effect on Septoria leaf and glume

blotch and bacterial streak. Low leaf rust ratings resulted in increased bacterial
streak or Septoria leaf blotch. Therefore, disease management is more difficult
when two or more of these diseases occur. Disease severity was significantly
influenced by the environment.
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Fig. 18. Septoria leaf blotch response of two cultivars to two planting dates
averaged across two environments (P<0.01).
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Fig. 19. Septoria leaf blotch response of two planting dates to fungicide application
averaged across two environments (P<0.05). FU = foliar fungicide; NO
= no fungicide.
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Conclusions
Delayed planting resulted in yield loss due to lighter kernels and fewer
grains spike'1. Yield loss due to late planting can be reduced by planting an earlymaturing cultivar in combination with a higher seeding rate. Additional spring N
increased grain yield of the early-planted wheat, but for late planting, additional
spring N had no benefit and can even reduce the yield by delaying maturity. A
strong environmental influence was observed on seeding rate effects. A more
detailed study is needed to evaluate seeding rate effects over a range of
environments and planting dates.
Yield loss by late planting of wheat was not due to reduction in LAI or LI,
but was likely due to delayed maturity that exposed the crop to heat stress during
the crucial grainfill period which resulted in lighter kernels and fewer grains spike'1.
Wheat normally compensates for LAI and LI at different plant densities. Additional
spring N increased yield by increasing LAI and LI for the wheat planted on a
normal date. Leaf area and LI were genotype dependent.
Severity of leaf rust, bacterial streak, and Septoria leaf and glume blotch
were strongly influenced by the environment.

Application of foliar fungicide

increased the grain yield by reducing the leaf rust and increasing the kernel weight.
Growing a disease resistant cultivar is a good practice, but even a resistant cultivar
may experience yield reduction in the presence of disease stress. This yield loss
by a resistant cultivar can be reduced by application of foliar fungicide. Higher
seeding rates increased leaf rust severity. Management inputs had very little effect
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on Septoria leaf and glume blotch and bacterial streak, but low leaf rust incidence
may increase bacterial streak or Septoria leaf blotch incidence. Therefore, disease
management is more difficult when two or more of these diseases occur.
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